Vent blocking -where filter ventilation holes are intentionally or unintentionally, partly or completely covered by smokers' lips during smoking -is an aspect of smoking behavior which can alter mainstream smoke yields. This study was designed to determine if, and to what extent ventilation holes were blocked by smokers' lips in two cohorts of Chinese smokers. In this study, two groups of samples were collected. One group (1742 butts) was collected randomly from public places in six chosen cities. Another (1037 butts) was obtained by collecting the butts from identified smokers in Kunming. In this paper, the mouth insertion depth among Chinese smokers was studied for the first time by a staining method employing ninhydrin in ethanol. The results indicate that Chinese smokers exhibit a mouth insertion depth ranging from 1 to 17 mm with an average value of 7.5 ± 2 mm. In this study, 95% of the ventilated filters examined showed that the vent zone was neither completely nor partially covered by smokers' lips. [Beitr. Tabakforsch. Int. 20 (2003) RESUME L' obstruction, intentionnelle ou accidentelle, des trous de ventilation, de façon partielle ou complète, par les lèvres des fumeurs en cours du fumage est un aspect du mode de fumage qui pourrait avoir une influence sur le rendement en composants de la fumée du courant principal. L' objectif de cette étude était d' examiner dans quelle mesure les trous de ventilation étaient obstrués par les lèvres des fumeurs chez deux cohortes de fumeurs chinois. Dans cette étude, deux types d' échantillons ont été recueillis. Une partie (1742 mégots) a été recueillie au hasard sur des places publiques de six villes choisies. Une autre partie (1037 mégots) a été recueillie de fumeurs choisis de Kunming. La profondeur d' insertion de la cigarette chez les fumeurs chinois, a pour la première fois, été déterminées par une solution alcoolique de ninhydrine, pour visualiser les taches de salive. Les résultats indiquent que les fumeurs chinois ont une profondeur d' insertion de 1 à 17 mm avec une profondeur d' insertion moyenne de 7,5 ± 2 mm. Dans cette étude, 95% des filtres ventilés examinés ne démontrent aucune trace d' obstruction complète ou partielle des orifices par les lèvres des fumeurs.
SUMMARY
Vent blocking -where filter ventilation holes are intentionally or unintentionally, partly or completely covered by smokers' lips during smoking -is an aspect of smoking behavior which can alter mainstream smoke yields. This study was designed to determine if, and to what extent ventilation holes were blocked by smokers' lips in two cohorts of Chinese smokers. In this study, two groups of samples were collected. One group (1742 butts) was collected randomly from public places in six chosen cities. Another (1037 butts) was obtained by collecting the butts from identified smokers in Kunming. In this paper, the mouth insertion depth among Chinese smokers was studied for the first time by a staining method employing ninhydrin in ethanol. The results indicate that Chinese smokers exhibit a mouth insertion depth ranging from 1 to 17 mm with an average value of 7.5 ± 2 mm. In this study, 95% of the ventilated filters examined showed that the vent zone was neither completely nor partially covered by smokers' lips. (1) (2) (3) (4) (5) (6) (7) (8) . In these studies, mouth insertion depths were measured by a distinct color which was produced by reaction of a reagent with dried saliva residues on the cigarette butts. For example, amino acids in dried saliva on the tipping papers reacting with ninhydrin form a pink coloration. Insertion depths ranging from 3 to 25 mm with means of 10.1 to 11.5 mm were obtained and it was concluded that ventilation hole coverage by lips during smoking depended on the position of the ventilation zone (1) (2) (3) (4) (5) (6) (7) (8) .
In this paper, the mouth insertion depth among Chinese smokers was examined for the first time by a staining method employing ninhydrin in ethanol.
EXPERIMENTAL DETAILS

Sample collection
The samples were divided into two groups. One group was collected from unidentified ashtrays in offices and public places, such as department stores, bars, governmental buildings, schools, and meeting rooms in hospitals and factories from six cities in China, including Kunming, Yuxi, Guangzhou, Zhengzhou, Xining and Beijing, and 1742 butts were collected. The other group was obtained by collecting butts from smokers in Kunming, such as civil servants, teachers, doctors and physical laborers who were selected randomly. Using the "Diaoyutai" brand (flue-cured cigarettes produced by Yunnan Academy of Tobacco Science), 800 non-ventilated and 800 ventilated cigarettes (laser pre-perforated tipping, the positions of two rings of ventilation holes were 13 and 15 mm, respectively, from the mouth end of the filter) were distributed to the smokers and were smoked during two weeks. The selected smokers were not told about the purpose of this study. A total of 1037 butts was returned, but many were obviously lost and ended up in litter. There were no significant differences in the location of ventilation zones in the butts collected in Kunming and other cities in this study.
Selected method
Historically, a 4% aqueous solution of ninhydrin has been used to react with amino acids in the dried saliva on the tipping paper to produce a lip imprint as a pink coloration (2, 3) . In this research, a 4% ethanol solution of ninhydrin was used to react with amino acids in the dried saliva on the tipping papers.
Determination of insertion depth
The tipping paper was removed from the filter and numbered within its group. Then the resultant tipping was fixed on a glass plate (700 × 600 mm), 150 at a time. They were sprayed to saturation with 4% (w/w) ethanol solution of ninhydrin. Then, the saturated tipping papers were placed in a room under ambient temperature (18 ± 6 C ) for 48 h and a sinusoidal-shaped, purple imprint would appear on the paper (corresponding to the residual traces of saliva). The distance in mm between the mouth end of the tipping and the most distinct evidence of the lip imprint was measured and defined as the maximum insertion depth of the butt. The length and width of the finger imprints were also measured for evaluating the possibility of vent blocking by fingers. The stains made by lips were continuous imprints, but those made with fingers were separated stains. Data analysis was done with Microsoft Excel.
RESULTS AND DISCUSSION
Insertion depth data analysis
As shown in Table 1 , a total of 2779 butts was collected in this research. However, 7% of them were contaminated or destroyed while 93% (2573 butts) were regarded as viable experimental samples; 76% of butts collected produced measurable lip imprints with the ninhydrin method. The collected filter samples, either ventilated or non-ventilated, came from different smokers of different cities in China, the differences of the resulting measurements are of no relevance for the aim of the study (Tables 1, 2 and 3 ). The frequency distribution of different insertion depths is summarized in Figures 1 and 2 . The results of distribution of all samples are shown in Tables 2 and 3 . There appears to be a difference between the average insertion depths of Chinese smokers (1-17 mm) and foreign smokers (3-25 mm), which probably is due to different human race and smoking behaviors. 
Discussion on vent blocking
The position of ventilation holes in Chinese cigarettes with static perforation is usually between 13 and 17 mm from the mouth end. In laser-perforated cigarettes, two rings of holes are usually positioned at 13 and 15 mm. There are two possible ways to block ventilation if it occurs at all. One is mouth insertion depth, and the other is vent blocking by the fingers.
Insertion depth:
All cigarettes used in this study had ventilation holes applied with laser perforation technology which is more often used in China than static perforation. The perforation ranged from 13 to 15 mm. As reported previously (2), insertion depth measurements can only be used to estimate maximum lip blockage. Using the calculation method reported (2) results in the proportion of blocked vents shown in Table 4 . When the average insertion depth measured (three measurements per cigarette) was greater than the maximum distance from the cigarette mouth end to the far edge of the ventilation zone ( 15 mm), the ventilation zone was regarded as completely covered by the lips. When the average insertion depth measured was between the maximum and minimum distance of the mouth end to the edge of the ventilation zone (13-15 mm), the ventilation zone was considered partially covered by the lips. When the average insertion depth measured was less than the minimum distance from the cigarette mouth end to the edge of the ventilation zone (<13 mm), the ventilation zone obviously was not covered by the lips. Based on the insertion depths measured, vent blocking by mouth coverage was not as prevalent as that reported by KOZLOWSKI. The reported degrees of partial or complete vent blocking were in the range of 32-69% (3-7). Table 4 shows there is minimal vent blocking by the lips among Chinese smokers (approx. 5%).
Effect of fingers:
In this research, clear fingerprints were observed as imprints on the tipping papers, which did not overlap. About 20% of them were found extending into the perforation areas. However, it is impossible to determine when the fingerprints were left on the cigarettes, either while smoking or during the puff intervals. No differences between ventilated and non-ventilated cigarettes were observed. It is not possible to know if a cigarette being smoked was held by the fingers in such a way that the vent zone was partially blocked.
CONCLUSION
In this study, the mouth insertion depths among Chinese smokers were for the first time demonstrated by a method in which the saliva-stained tipping papers of cigarette butts were treated with a 4% (w/w) ethanol solution of ninhydrin.
The results indicate that Chinese smokers exhibit mouth insertion depths ranging from 1 to 17 mm with an average value of 7.5 ± 2.0 mm. There was no significant difference in the mouth insertion depths among smokers in different regions of China, and there was also no significant difference between the mouth insertion depths of ventilated (7.6 ± 2.5 mm) and non-ventilated cigarettes (7.8 ± 2.4 mm). Ninety-five percent of the ventilated filters examined showed no vent zone blockage by smokers' lips, only 4% showed some coverage and only 1% showed complete coverage.
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